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Abstract: 
Physiological models for the generation of the Visually 
Evoked Cortical Potential (VE CP) and the Alpha Rhythm are 
discussed. Certain stimulus and response variables are con­
sidered with respect to their effects on the VE CP and the 
Alpha Rhythm. Consideration is also given to the possible 
physiological significance of these gros� surface cortical 
potentials relative to the scheme of information processing. 
A model for an internal attentional mechanism is developed. 
The Visually Evoked Cortical Potential and the Cortical 
Alpha Rhythm·: Their Physiological Basis and Some 'Behavioral 
Considerations 
Introduction: 
Hans Berger first described the human electroencephalogram 
in 1929. Since that time, much investigative work has been de­
voted toward developing a better understanding of the gross 
: � 
electrical potentials which are recorded from the surface of 
the scalp. In recent years, an analysis of these scalp potent-
ials has become a rather widely acce�ted clinical tciol for the 
evaluation of various central nervous system functions. It is 
the purpose of this paper to review the fundamental physiologic-
al principles which are the basis for two specific types o f  
scalp potentials: the Alpha Rhythm, which is the principal com­
ponent of the spontaneous electroencephalogram (EEG) , and the 
Visually Evoked Cortical Potential (VECP). The latter is also 
frequently referred to as the Visually Evoked Response� (VER) . 
Some general considerations regarding the functional and behav-
ioral significance of these cortical potentials will also be 
discussed. 
General Considerations of Gross Surface Potentials: 
When measuring gross surface potentials, it is necessary to 
use two electrodes since electrical potential (voltage) can 
only be described as •.a differenc·e ;p:e.tween two. V1�:lt1.e:�-·· o:f�l e-l:�etric-
al charge. The recording electrode is positioned at some dis-
creet location on the surface of the scalp and reflects the 
electrical charge at that point relative ;to· the'"'re;f�re�nce-· . ,  "' ·' " 
1. 
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electrode. The reference electrode is usually placed on an 
ear lobe or a mastoid process since these regiohs are generally 
considered to be electrically inactive with respect to the sig­
nal of interest; i.e., they behave as a "ground". A typical 
scheme for the recording of VECPs and the Alpha Rhythm is illus­
trated in Figure #1 . 
. The difference in electrical potential which exists between 
the recording and reference electrodes represents the signal 
which is fed into the amplifier. The amplified signal, however, 
is a composite of all the electrical field changes which are 
"seen" by the recording electrode. This raw signal will contain 
much electrical activity which is of no interest to the in­
vestigator ( i.e. muscle potentials ) . The undesired activity 
will frequently mask or conceal that component of the raw signal 
which i.s of interest and makes it necessary to remove this 
"noise" from the raw signal with the techniques of time-aver­
aging or frequency filtering. Time�averaging a ra� signal has 
the effect of ''amplifying" only those components of the signal 
which are temporally locked to the stimulus in a consistent 
manner. Frequency filtering means that only those components 
of the signal whose frequencies lie wit�in a specified range 
of values will be amplified. 
It must be remembered that the recording electrode refl�cts 
the summed electr!ica1,field changes at a particular point on the 
surface of the scalp. In fact, electrical activity ( displace­
ment of charge ) in any part of the body will manifest itself 
as a minute potential field shift at the recording el�ctrode. 
This occurs as the result of elec'.rotonic transmission through 
2 .  
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'.r:i.2._�ca_l Scheme for _1he _recording of VECPs and the Cortical. 
Alpha Rhythm: 
"A'' is the standard location for placement of the recording 
electrode approximately 1 cm antero-superior to the inion. 
" B "  and "C'' indicate other possible recording electrode �o� · 
cations. The �eference electrode is shown on the ear lobe 
at "I". "F", 11P", '�T", and "O" indicate frontal, parietal, 
temporal, and occipital lobes of the cortex. "Fz", "Pz", and 
"Oz" refer to standardized reference locations for placement 
of electrodes in EEG recording. The electrode at ''A" is 
optimally situated for recording VECPs generated in immediately 
underlying occipital cortex. Figure taken from Sokol (44) 
3 . 
the electrolytes of the tissue spaces which lie between the 
site of electrical activity and the site of the recording elec-
trade. As the site of electrical activity b�comes further and 
further removed from the recording electrode, however, the 
magnitude of the recorded potential shift will become less and 
less as a result of the tissue impedence. By the same token, 
the nearer to the recording site the electrical activity occurs, 
the larger will be the measured potential change at the record-
ing electrode. Of course, the amount of potential attenuation 
which results from transmission through the tissue spaces will 
depend to a large extent on the nature of the tissue which must 
be traversed; different tissue types having different values 
of impedence to current flow. 
Electrotonic spread of current, as described above, must 
be differentiated from the other principal means by which 
electrical activity in one part of the body can manifest it­
self at distant locations: axonal transmission within the 
nervous system. A prominent difference betw.een these two methods 
of electrical transmission is their respective propagation 
velocities. Electrotonic transmission occurs almost instan-
taneously, while axonal transmission has a velocity of approx-
imately 3 to 100 meters per second (depending on the type of 
fiber ) . 
When a visual stimulus is presented to the eye, the retinal 
image is encoded as a series of electrochemical impulses and 
transmitted along the axonal processes of the retinal ganglion 
cells. These axons proceed without interruption as the.optic 
4. 
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nerve to the chiasm and, thereafter, as the optlc tract until 
they reach the lateral geniculate rru6lei (LGN) where they 
make synaptic contact with neurons of these nuclei. See Figure 
#2 for a description of the visual pathways. 
The LGN is located in the thalamus and is classified as a 
"specific" sensory relay nucleus. 1rhe spec if i� thalamic sensory 
relay nuclei have cortical projections which terminate in 
discreet areas of primary sensory cortex. These specific nuclei 
are differentiated from thalamic nuclei whose axons are dif-
fusely projected to widespread areas of the cortex (non-specific) 
and thalamic nuclei which do not project to cortex but com-
municate with lower brainstem nuclei, the basal ganglia, and 
(l�,5) 
other thalamic nuclei. 
The activity which reaches the LGN from the optic tract 
is integrated and projected to primary visual cortex (Brodmann's 
area 17) along the optic radiations (geniculo-calcarine path­
w�y). The fibers of the optic radiations terminate in layer 
# 4  of striate cortex and make synaptic connections with granular 
cells and the large apical dendrites of deeper pyramidal 
(6' 7) 
cellaa See F�gure # 3  for a highly abbreviated description 
of s.triate cortex cytoarchitecture. 
Arrival of impulses in the pre-synaptic terminals of the 
optic · radia:ti·on ·fiber·s w11.l cause changes 1n the polar;iza,tion of 
the post-synaptic membranes. The polarity changes of these 
post-synaptic membranes is due to the movement of ions across 
the membrane and represents a net displacement-of charge. It 
is this shift of charge across the post-synaptic membrane which 
is the most likely source for the potential changes which are 
5. 
Figure #2 
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Illustration of the Visual PathWC!.Y.9._.Erom th�L.B�tina to 
Vi s.ual c . .  orTex: 
The lateral geniculate nuclei (bodies) lie at the lateral 
border of the Thalamus and are the only thalamic nuclei 
shown in this diagram. Illustration taken from Newell and 
Ernest • ( 4 3) • 
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Cytoarchitecture of Visual Cortex: 
Specific geniculo-cortical afferent (S) is seen terminating on 
granular cell (G) and large pyramidal cell (LP) in layer #IV. 
Non-specific thalamo-cortical afferent (NS) makes synaptic con­
tact with the large apical dendrite of the large cotical pyramidal 
neuron (LP). Ihtracortical fiber (I) is seen making synapses with 
superficial.apical dertdritiBibroc�i$es of large pyramidal cell (LP). 
A small pyramidal neuron is also shown (SP). Not all of the dif­
ferent types of cortical elements are shown in this figure. 
7. 
(lpg9,8) 
recorded on the surface of the scalp. Simultaneous po-
larity changes in the dendrites and cell bodies of a large 
number of neurons wculd represent a relatively large net dis-
placement of charge. 
A highly cobrdinated afferent volley of impulses from the 
optic radiations would presumably cause simulta�eous polarity 
changes in large groups of cortical neurons and would be reflect-
ed as a potential shift at the surface of the scalp. Following 
the initial volley of. imp�laee to layer #4 of cortex, the activ-
ity would be relayed to groups of neurons in deeper and more 
superficial layers of the cortex and would :result '·in-- polar'.L ty 
changes in these neuronal groups. These later synchronized 
polarity changes would also be reflected as potential shifts 
at the surface of the scalp. It may be assumed that these stages 
of activity include� activity at synapses which result. in 
either depolarization (excitatory) or hyperpolarization (in­
hibitory) of the post-synaptic membrane. The diPection· {polarity) 
of th� s6alp potential shifts will be dependent upon the depth 
and spatial orientation of the active neuronal populations 
and also upon the relative contributions of �ynaptic �6tivity 
which causes depolarization of the post-synaptic membrane and 
synaptic activity resulting in hyperpolarization of the post-
synaptic membrane. 
As mentioned earlier, the potentials which result from these 
synchronized patterns of depolarization and hyperpolarization 
would be .electrotonically conducted through the tissue spaces 
which are interposed between the site of neuronal activity and 
8 . 
the recording electrode. These tissues would include the over-
lying cortex, the meninges, cerebrospinal fluid, skull, and 
the scalp. Although the impedence of these tissues attenuates ... = 
and "smears" the cortical potentials, a comparison of the evoked-
response waveforms recorded directly from the surface of the 
cortex has shown that there is very little differ�nce in the 
character of the response recorded from the surface of cortex 
and the response which is recorded .from the surf ace of the 
(2pgl7 )  
scalp. 
A. Transient VECPs: 
Transient evoked potentials are also referred to as "single 
flash evoked potentials" since, i.n this method, the stimulus 
is presented for only a brief period of time. This allows an 
analysis of the cortical response to a single afferent volley. 
When multiple responses must be analyzed, as in signal aver-
aging, the stimuli are spaced far enough apart (usually 1-2 
sec. ) so that the cortical response to a stimulus will be 
completed before delivery of the next stimulus. 
The evoked cortical response to a temporally discreet 
visual stimulus has a characteristic pattern which may vary 
from one subject to the next, but is fairly consistent for 
any given subject. Figure #4 is representative of a typical 
time-averaged transient VECP to a flashed checkerboard pat-
tern. The figure represents the change in surface potential 
as a function of time. It must be remembered that the elec-
trade reflects the algebraic sum of all the potential changes 
which manifest themselves at that particular scalp location 
9. 
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The Transient VECP: 
A ty pical transient VECP in response to a "flashed" check 
pattern is illustrated here. The stimulus is presented at 
zero time. Latencies {implicit times) may be determined as 
the peaks of positivity and negativity. Many other systems 
of nomenclature have been used to designate the various 
components of the transient VECP. This system was used for 
the purpose of �impli6ity. See text for a detailed description 
of the transient VECP: 
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and at that particular point in time. The trace-represents the 
summed changes in electrical potential (both positive and 
negative) as a function of time and reflects the sum of all 
neural activity (both hyperpolarizations and depolarizations) 
in the underlying cortex. As mentioned earlier, the polarity 
of the response is dependent upon the nature of the post­
synapt ic activity (hyperpolarization or depolarization) and 
also upon the depth and spatial· orientatiCm.1of the synchro­
nously active neuronal populations. The amplitude of the re­
sponse will depend on two basic factors: the temporally addi­
tive nature of the positive and negative components, and the 
total number of neurons participating in synchronous ac t ivity. 
In summary, the surface-recorded potential changes reflect 
the temporal and spatial summation of all the electrical activ­
ity in underlying cortex. 
Synchronized activity within a neuronal population will 
occur in a particular temporal relationship to the delivery 
of the stimulus. This time period which separates the stimulus 
from the observed cortical response is called the response 
"latency". The latency depends primarily upon the speed of 
axonal conduction along the visual pathways and also upon the 
number neur.ons.:,wh±ch must be· sequentially· activated in order 
to activate the particular neuronal group�:: It should be re­
membered, however, that the initial afferent volley to layer 
# 4  or cortex will be highly synchronized and it is only follow­
ing this initial synchronous volley of impulses that activ-
ity is communicated to the various neuronal subsets which 
-·-
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participate in generation of the later sur face pot ential 
changes . 
B. Physiological Correlates of the Transient VECP: 
At the present time, there is little understanding·of the 
precise neural events which give rise to the characteristic 
components of the transient VECP. This is largely the result 
o f  diff i c ult ies in defining the patterns of cortical activity 
which resul t from an afferent volley and a�so the problem of 
�elating these spatio-temporal patterns of activity to the 
potential field changes recorded from a sur face electrode. 
There is, however , a general agreement among investigators 
that the principal mechanism for generation of the surface 
potential changes is the patterns of graded post-synaptic 
ctendritic potentials and that action potentials make only a 
(2pg 2 0,8 , 4 1 )  
small or insignificant contr i bution. 
Attempts to determine the relationships between surface 
p otentials and the activity of individual neurons have com-
pared the records of potentials recorded from the surface of 
6ortex or scalp with simultaneously recorded intracellular 
potential shifts. Creutzfeldt has proposed that the surfac e 
recorded potentials result from the vertical spread of activ-
ity along th� l arge apical dendrites' of cort�cal pyramidal 
(lpg187 ,2pg20,3pg25,19pg21 , 41,42) 
neuron s . These dend ritic 
potentials o c c ur as the result o f  synaptic activity involv-
ing axonal-dendritic and axonal-s omatic terminations from sev� 
era l s ourc e s includ �ng: (i) specific and non-specific thalamo­
cortical a ff erents , (ii) intracortical fibers, and (iii) 
12. 
recurrent collaterals from neighboring cortical neurons. Thes e 
relationships are illustrated in figure #3. 
According to the Creutzfeldt model, the original surface 
positivity ( component Pl) results from a highly- synchronized 
afferent volley to the deeper parts of the pyramidal neurons. 
This afferent volley consists of impulses arriving along the 
specific sensory thalamo-cortical projections and making ex­
citatory synapses resulting in depolarization of the pyramidal 
membrane. The following surface negativity (component Nl) is the 
result of a combination of ( i) impulses arriving along non­
specific thalamo-cortical afferents making excitatory depol­
arizing synapses with more superficial pyramidal dendritic 
processes and ( ii) recurrent collaterals from neighboring 
cortical neurons which make inhibitory hyperpolarizing synapses 
with the soma of the pyramidal neurons. The ·see,ortd ·surface pc:i·s­
itivity ( component P 2 )  is correlated with the spread of hyper­
polarization from recurrent inhibitory collaterals to the more 
superficial cortical areas along the pyramidal apical dendrites. 
This second surface positivity is interrupted by a second 
negative-going component ( component N2) which results from 
secondary activity of the non-specific afferents and intra­
cortical fibers which make depolarizing excitatory synapses 
on the more superficial pyramidal apical dendritic processes. 
Creutzfeldt's model suggests that the synchronous activity 
of deeper depolarizing ( excitatory) synapses will be "seen" 
at the surface of cortex or scalp as a fast transient posi­
tivity and that this positivity will gradually change to a 
13. 
surface negativity as the deeper depolarization is electro-
tonicly conducted to more superficial areas of the cortex 
along the apical dendrites of the pyramidal neurons. The model 
also suggests that synchronized activity of hyperpolarizing 
( inhibitory ) synapses will be seen as a fast transient sur-
face negativity followed by a gradual reversal of polarity 
as the potential spreads vertically along the apical dendrites 
to m0re superficial cortex. The reverse of these relationships 
would be expected for depolarizing or hyperpolarizing syhap�', 
tic activity which occured at pyramidal apical dendritic pro-
cesses in superficial cortex followed by the spread of this 
potential along the apical dendrites to deeper cortical areas. 
Creutzfeldt's model assumes that the observed s�rface po-
tential changes are due exclusively ( or at least primarily ) 
to the electrical activity of pyramidal neurons. The fact that 
these neurons are all regularly arranged with long apical den-
drites which are perpendicularly orientated to the cortical 
surface would suggest that they may be optimally suited for 
generation of the electrical field effects seen at the sur-
face of cortex or scalp. Using the effects of topically applied 
strychnine and bicucilline, however, Towe has demonstrated 
that deeper cortical neurons make only a small or insignifi-
cant contribution to the surface potential and that it is 
primarily the more superficial cortical neurons lying in 
layers #2 and #3 which determine the characteristic surface 
(8, 21,22) 
potentials of the sensory-evoked cortical response. 
14 . 
. . 
It mus t  be p o int e d  out t h a t  bo t h  To0e's and Creutzfeldt's 
mod e l s ar e ba s ed upon dat a o b t ained from investigations which 
u s ed s en s o r imot o r  c o r t ex o f  c at and t ha t  ap plicat i o n of these 
model s t o  the human VECP invo l v e s  a s s umpt i on s  which may have 
var y i ng degre es of v a l idity. Ther e  s e e m s  t o  be a general agree-
m e nt among mo s t  inves t i gat o r s ,  however, t ha t  t he processes 
w h i c h  r e fle c t  inf o r ma t i on p r o c e s s ing i n  p r imary s ensor y  co rt ex 
o f  c a t  can be a s s umed t o  s imilar t o  the p r o c e s s e s  which reflect 
t he s ame le vels of i nformat i on p r o ce s s i ng i n  the human primary 
s en s o r y  c or t ex. 
C. S i gn i f i c ance of t he Tr ans i ent VECP: 
Many at t empts have b een m ade i n  an e f fo r t  t o  correlat e 
i nd i v i d ual c o mponent s of t he t r an s i ent VECP with var io u s levels 
o f  �ens ory information proc e s s ing and, a l t hough c er t a in c om-
p onent s o f  t he t r an s ient r e s po n s e do a p p e ar tq be correlated 
wit h d i f f e re nt phy s i c a l c harac t er i s t i c s  o f  t he st imulus, t he 
r el a t ions hip s between obs erved c or t i c a l  behav i o r  and t he s ub -
je c tive exper i ence of perc e p t i o n  r ema in unknown. I t  s e em s  rea s on-
able t o  ref e r  t o  t he s e  t wo g eneral c l a s s e s  o f  v ar i a b l e s  as 
s t imulus (ext ernal) var i ables and r e s p on s e  (int ernal) variables. 
As dis c u s s ed in s e c t i on B� t he e ar l i e r  ( s hort latency ) com-
p onent s o f  the t r ans i ent VECP r e fle c t  e arli e r  s t age s of cortic-
a l  s en s ory i nformatio n  p ro c e s s i ng and t he l ater ( l ong lat ency) 
c omponent s o f  the t r an s ient r e s po n s e r e f l e c t l a t er ·s t ag e s of 
c ort ic al pro c e s s ing. It c o uld be as s ume d t h a t  the l a t er c om-
ponent s refl ected "h i gh er'' levels of informa t i on proces�ing 
and i t  h a s ,  in fa c t , been s ugge s ted t hat t h e  lat er c omp onen t s  
15. 
of the transient VECP are most closely related to psycho-
logical variables while the earl.ier components are most close­
( 2pgl33) 
ly related to stimulus variables. The correlations 
I 
which have been found to exist between the various components 
of the transient VECP and the different st1mulus and psycho-
logical variables provide the basis for the use of the VECP 
in measuring certain aspPcts of human perceptual behavior. 
Among the stimulus variables which have been demonstrated 
to show a correlation with the transient VECP are stimulus 
intensity, the spatial structure (pattern) of the stimulus, 
and the color of the stimulus. In order to avoid a consider-
I 
ation of refractive error, accommodation, pupillary diameter, 
and ocular fikation variables, the stimulus will be defined 
as the stimulus which is delivered to the retina. 
It is generally accepted that as the intensity of the stim-
ulus is increased, the amplitude of the VECP will also increase 
(2pg40) 
until a "saturation" level of intensity is reached. At 
the saturation level of intensity, the amplitude of the VECP 
will then level off and may even decrease as the intensity of 
the stimulus is increased further. It has also been demon� 
strated that an increase in stimulus intensity is accompanied 
by a decrease in the latency of all components of the transient 
(2pg40) 
VECP. The character of the transient VECP in response 
to a spatially structured stimulus field is distinctly dif-
feren� from the transient response to a blank (homogeneous) 
(2pg56) 
stimulus field. These differences are reflected primarily 
in polarity reversals of some components and the presence or 
16. 
absence of other components in the response . There is also 
evidence that the character of the transient VECP to a spat-
ially structured !'ield i3 dependent upon the orientation of 
the pattern within the s timulus field and also upon the detail 
(2pg59+63) 
size ( acuity size) of the spatial pattern. These 
last two effects can be assumed to b� the result of orientation 
and contrast sensitive mechanisms within the visual system. 
Differences in the transient VEC Ps to different co lored stim-
uli bave been reported although it is not clear whether these 
diff�rences reflect a true "color" response or a response to 
differences in stimulus lufuinan�e �hich result from differences 
in spectral sensitivity to the different stimulus wavelengths . 
(2pg90-109 ) 
Ps ychological (internal) v ariables have been extensively 
studied in order to determine their relationship to the VECP . 
Among the many which have been investigated are the va�iables 
o:f stimulus "meaning", the intelligence of the subject, and 
the attentional status of the subject. It has been suggested 
that the amplitude of the later components of the transient 
VECP may ref lect the level o f  mean1ng which the stimulus has 
for the subject under the experimental conditions employed 
(2pgl46-148,3pg40+305) 
to elicit the response. Stimulus meaning , 
however, must be operationally defined within the context of 
the experimental conditions and is , therefore, difficult to 
control. The difficulty in contro lling for stimulus meaning 
sugges ts that these observations are, at best, questionable . 
Var ious investigators have shown that measures· of VECP 
17. 
·' 
latency , variability, and waveform as·ymmetry· are correlated 
(2pgl32, 1' 
with conventional �easures of the subject's intelligence. 
3pg305;�0) 
, 
This cor·"elati0n does not necessarily imply a funct-
ional relationship between intelligence and the character of 
the VEC P  although it has been proposed that these measures 
(40) 
may reflect s ome aspect of the subject's ttneural ef�iciency�. 
The amplitude of the components of the trans ient VECP have 
also been shown to be positively corr e l ated with the subject's 
level of attention to the stimulus . These attentional effects 
seem to be more pronounced in the later (longer latency ) com-
ponents of the response. Attenti onal effects on the trans ient 
VECP are discussed in greater detail later in this paper. 
It can be assumed that the transient VEC P  contains much 
information with respect to the functional process ing of 
visual information. The manner in which the known stimulus 
and psychological var iables might contribute to the character 
of the VEC P remains poorly understood and one might suppose 
that there are many more variables which have not yet been 
identified. The development of &n understand ing of these re-
lationships, however, will establish the VECP as a valuable 
instrument for the clinical and non-clinical evaluati on of 
human visual behavior . 
D .  The Steady- State VEC P :  
As the interval between two successive stimuli in a repet-
itive ser ies becomes shorter than the duration of the trans ient 
response , the earlier components of ·the, cortical res.ponse to an 
ind i vidual stimulus will interact with the later components 
of the cortical response to the immediately preceediug stimu-
lus. With suffici�ntly high stimulus frequenciesj the cortical 
responses to the stimuli will overlap and the response pattern 
assumes a '.�eriodic- character having the same frequency a� 
the stimulus. Thus, the most distinguishing feature of the 
steady-state VECP is the fact that the individual components 
seen in the transient �ECP can no longer be differentiated. 
The fact that the individual response components of the tran-
sient VECP can no longer be distinguished in the steady-state 
VEC� may be the result of (i) the linear superimposition of 
the individual transient response components in time, or (ii) 
cessation of ; cbrti�al processing mechanisms which generate 
some of the individual response components due to art inability 
to operate at these higher frequencies, or (iii) a fundamental 
change in the operation of the cortical processing mechanisms. 
Following the first few cycles of cortical activity, the 
response pattern becomes stabilized as a ''dynamic steady-statett 
in which no particular response cycle can be associated with 
(2pg36) 
any individual stimulus cycle. In spite of this fact, 
it is possible to measure response latency with the steady-
state VECP although the latency determination is not as straight-
forward as latency determinations from the transient VECP. 
Once the response has aesumed a;�teady�ttate �haraote�, the 
sinusoidal response pattern will maintain a c�nstant phase 
(time) relationship to the repetitive stimulus. See Figure 
#5 for an illustration of a steady-state VECP and its relation-
ship to the stimulus. 
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*Latency � N (360°) + � (in msec) 
N(360°) 
Time ·+ 
Steady-St�te VECP in Response to a SinuspidalJ.y M6dulated 
Stimuius: 
UppeF trace represents the respbns�· to a sinusoidally· 
m6dulated vistial �tifuulus (lower trace). The steady-state 
VECP has the same frequency as the stimulus modulation 
frequency and wil l maintain a constant phase shift (�) 
with respe ct to the stimulus. The latency of response may 
be determined as an integral (N) multiple of stimulus cycles 
(360 degrees) plus the phase shift. 
20. 
The Alpha Rhythm: 
The alpha rhyt�m was first described by Berger in 1929. 
It is the principal component of the spontaneous ele6troen-
cephalogram and ha� been officially defined by the International 
Federation for Electroencephalography and Clinical Neuro-
physiology as follows: '' ....... rhythm at 8-13 Hz occuring 
during during wakefulness over the posterior regions of the 
head, generally with higher vbltage over the occipital areas. 
Amplitu�e is variable but mostly below 5 0  microvolts in the 
adult. Best seen with eyes closed or under conditions of 
physical relaxation and relative mental inactivity. Blocked 
or attenuated by attention, especially visual, and mental 
( 9 ) 
effort." This definition is entirely empirical and does 
not rely on an understanding of the physiological events which 
are responsible for the generation of the alpha rhythm. Although 
the spontaneous EEG has received widespread clinical appli-
cation for many years, its physiological basis is still only 
partly understood and much controversy exists with regard to 
the generation and. functional si�nificance of the alpha rhythm. 
A. Site of the Physiological Generator of Rhythmic· Activity:. 
There is an almost universal agreement among investigators 
that the rhythmic genesis of the cortical alpha rhythm occurs 
(1, 5,10,11) 
in the thalamus. As mentioned earlier, the thalamic 
nuclei may be differentiated into two general classes on the 
basis of their communications with other CNS locations. The 
specific thalamic nuclei have cortical projections which ter­
minate in discrete cortic�l areas. Exafuples of specific thalamic 
21. 
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nuclei would include the sensory nu c l e i : lateral geniculate 
(vision ) which projects to c alcar i ne c ortex , med ial gen i c ulat e 
(hearing ) which project s to su per ior temporal c ortex , and 
ventralis po sterior ( general bod y sensat i on s  and taste )  with 
( 5 ' 7 ) 
its pro j ect ion s to post� central gyrus . El ec t rical s t im-
ulation of the spe c i fic projec t ion nuclei re su lts in activation 
o f  only that region o f  pr imary sens ory cor tex whi ch receives 
afferent pro j ec t ions from that nucleus . 
The o ther general clas s of thalam i c  nu clei would cons i st 
o f  those t ha lamic nuclei which d o  not  project t o  discret� 
regions o f  �erebral cortex and would inc lude nuclei which c om-
m uni cate with other thalam i c  and sub- thalamic center s ,  basal 
gang l i a  , hypothalamus , other sub -cor t i cal centers , and al s o  
nuclei which project diffus ely t o  wides pread areas o f  cortex 
( 7 ) 
(the non- spe c i fic or d i ffu s e  thalam ic nu clei ) . I t  is with 
regard to the proj ect ions of t he non -s pecific nuc lei that the 
greatest disagreemen t among invest igators exists . This non-
s pe cific t halamo - cortical proj ection system was originally 
be l ieved t o  be c omposed of ' pr o j ections . fnom the midline and 
intralaminar thalami c  n uclei and it was assumed that thes e 
( lp g l 3 , 
nuclei had pro j e ctions to large areas of t he cortex . 
1 2 , 1 3 , 1 4 )  
Thi s model was ba sed pr imarily on the demons t ration 
that large ar eas of cortex could be activat ed by stimulat i on 
o f  t he midl ine and intralaminar nuclear group s .  
Current evidence, however , s uggests that the widespread 
cort ical activation whi ch resu l ts from s t imu latio n  of the mid-
l ine and intralami nar nuclei pro b a b l y  is the result o f  
22 . 
intratha l amic c o nne c t i o n s  b e t w e e n  t h e  m id l ine - int r a l am inar 
( 1 , 5 , 1 5 )  
group and the sp r � ific ( s ensory ) t h al am i c nuclei . The 
quest i o n  o f  whe t h6r or n o t  th e m i d l i n e - i ntra l ami nar nuc l e i  
have d ir ect proj e c t i o n s  t o  w id e s pr e ad cortical ar e a s  rema i n s  
( 4 , 5 )  
large ly ur eso l v e d  at t h is time . It has al s o  been sugge sted 
t hat ' t h e  r � t i cfi l ar · nut l eu s  (t h a l amus ) might b e  the f inal , 
n e u r o na l  e lem e n t  i n  t he non-sp e c i f i c  cort i c a l  proj e c t i on · ·  
( 16 )  
s y s t em a l t ho u gh Gb l g i � impr egna t i on s t ud i e s  hav e shown 
that c ort i c al p r o j e c t i on s  from r e t icul ar nuc l eu s  a r e  un like � 
( 1 7 )  
ly . 
Rhythm i c  c or t i c a l  a c t iv ity char act e ri s t i c o f  c or t i c a l  a l p ha 
s p i nd l e s  m ay b e  e lic t ed by e le c tri c al s t imu l a t ion o f  many 
( 1 , 1 8 )  
. 
tha l ami c nuc l e i . Normal p a t t e r n s  o f  cor t ical s p i nd l e s  
may be e l i c i t ed f o l low i ng d e s tr u c t ive l e s i o n s  of the m idl i ne 
and i n t r al aminar nu c l e i  p r ov i d ed that t h e  s p e c ifi c proj ect ion 
( 1 ) 
nuc l e i  are left i n t act .  Th i s  s u g g e s t s  that many t ha l arni c 
nuc l ei may p ar tic i p at e i n  the : in1t i�t i on and g e n era t i o n  o f  
s p i nd l e  a c tivi t y and a l so s u gg e s t s  that rhythmi c  act i vity 
w h i c h  d eve l o p s  in one nuc l eu s  wi l l  mo s t  l ike ly spread t o  other 
t ha l amic nu c l ei b y  v ir t ue o f  an e x t e n s i v e  n e t wo r k  o f  i nt r a -
t ha l arn i c  c o nnec t i o n s . The relay of t h i s rhyt hmic ac t iv ity t o  
c or t ex , h o w e v er , s e em s  t o  b e  d ep e nd e n t  u p o n  t h e  s p e c i f i c  
( 1 )  
t h a l amic p�oj e c t i o n  nu c l e i . 
B .  P hy s i o l o g i c al Basis o f  t he Rhythmic A c t i v i t y : 
Sp i nd l e  a c t ivity with in a thal amic nuc l e u s  i s  c har a c t er i z e d  
' 
by � hyth�i b '  syn chr on i z ed a c t i v i t y  in a l arge number o f  n e u r o n s . 
A t yp i c al t h a i am i c  s p i nd l e  i s  shown in F igure #6 and r e pr e s en t s  
2 3 . 
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S iI!lul t aneou�_ R e c orded Spi nd l e  A c t iv i ty i n  Thal amu s and 
Cortex : 
Bo t h  s e t s  of r e c ord ings repr e s e nt extra c e l l u lar a c t iv i t y  whi c h  
w a s  s imu l t aneou s ly r e c orded from a med ial t halamic nuc l eu s  
( Th .  Med . ) �  a l �t e r a l l y  lo c a t ed t ha l ami c nu c leus ( Th .  La t . ) ,  
and t h e  p o $ t cruc iat e c ort ex o f  c at • .  Not e  t h e · per f � c t . s ynch�ony 
o f  the t op t hr e e  s p i nd l e s  and t h e  b o t t om t ha l am i c  s p i nd l e s . The 
lower c ort i c a l  spind l e  is poorly synchroni z ed w i t h  the two 
t halamic  s p ind l e s . I t  c an be s e e n  that t h e  s p i nd l e s  are a l l  
c ompo s ed o f  r h y t hmi c a c t i v i t y  o n  t he ord e r  o f  1 0 Hz . S e e  t ex t 
for a mor e  comp l et e  d e s c r ipt i o n . Figure t aken from Ander s en & 
A nder s s on ( 1 )  · 
2 4 .  
t h e  ex t racellular p o t ential c hanges for a popu l a tion o f  neurons 
in a thalami c nuc leus. S e v eral f e atur e s  of t he s p ind l e  are 
immed i ate ly obvious .  The ampli t ude of the rhy t hmic ac t iv it y  
gradual l y  bui lds t o  some maximum value and then gradually 
d e c reases . The p eriod i c  nature o f  the a c t iv i ty with in the 
sp ind l e  is also seen to be approx i mately 1 0  Hz . At the begin� 
n ing of t he sp indle , only a few ne ur on s are s yn chronous ly 
a c t ive. As more neuro ns are �ec r�ited into t he sp indle act iv-
i t y , t h e  a�p l i tu d e  of the thalamic spindle w i l l  incre a s e  to 
a max imum value and then dec rea se as the ac t iv i t y  wi thin 
t h e  n e ur onal group bec ome s desynchron i z ed. 'rhe f o l l owin gLmo d e l  
h a s  been suggest ed a s  the most l i k e ly me c han i sm f or t he gen­
( l ,  1 8 ) 
erat ion of thalam i c  sp indle act i v i t y . 
A f f erent e x c i t at ory inp ut to a thalami c  nuc l eus w i l l  c a u s e  
a n  ini t ial d i s c harge o f  action pot ent i als �l ong the axon s of 
tho se neurons whose membranes received a thresho ld l ev e l  of 
d epolar i zat ion . The s e  neurons have axon col laterals whi c h  
make exc i t atory synap ses wit h int erneur ons ly ing w ithin the 
same thalamic nu c l eus . The int er neurons , in turn , make inhib-
it ory s ynap ses on a l arge numbe� of neurons , all wi thin the 
same nu c leus . A s  a r esu l t  of this networ k of axon c ol lat era l s  
and inhibit ory int erneurons , thr esho ld depolari zation o f  e v e n  
' 
a s ingle t ha lamic neuron by an exc i t atory afferent input wi l l  
r esu l t  i n  the s ynchroni zed hyp erpolari z at ion ( inhib i t ion ) of 
a l arge numb er o f  neurons within the nuc leus . This inhi bitory 
hyperp o larizat ion i s  very inten s e  and l ast s fo� rou ghl y  1 0 0  
mi l l isec onds . F o l lowing t h i s  1 0 0  msec period o f  hyp erp o lar i z at i on , 
2 5 . 
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the previously inhibited group of neur ons will synchronous­
ly fire ( generate ac tion potentials ) due to p ost -inhib itor y 
fac i l l itation . Axon collaterals from these excited neurons 
will a ctivate a large number of inhibitory intetneurons and 
the c y c le w i l l  repeat itself as larger and l arg�r numb ers of 
neurons are rec ruited into the rhythmic activit y . See Figure 
# 7  for a highly schematic repr esentation of this model . 
As inc reasing numbers of neurons become rhythmic ly active , 
the maintenanc e  o f  synchrony within the larger neuronal net­
work becomes more unlikely and the number of neurons part i c ­
ipating in the synchroniz ed activity will gradually dec rease. 
It is this patt ern o f  gradual ly inc reasing synchrony o f  neural 
activity which builds to a maximum and then decreases ( be­
comes desynchronized ) whi ch is responsib le for the typical 
extracel lular ly r e c orded thalamic spindle . Although the mode l 
assu�ed that in itiation of spindle act i vity resulted from ex­
c itatory input to a thalamic nuc l eus , it seems reasonable to 
assume that the same p attern of rhythmic act iv i t y  c ould resu lt 
from the spontaneous activity uf a thalamic neuron. 
The rhythmic activity of a particular thalamic nuc leus is 
diffused throughout the thalamus due to the variety of intra� 
thalamic c onnections which exist between nuc lei . Thus , the 
rhythmic actiVity which begins in any of the thalamic nuc lei 
wi l l  most likely result in synchronized ac tivity of neuronal 
populations in other thalamic areas . The s yhchr.o.no u s  ., activ ity 
is relayed to c erebral cortex along the axons of the specific 
proj ection nuc l ei and c auses rhythmic volleys of post-synaptic 
2 6 . 
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* Se que n c e  o f  S p i nd l e  D e v e l opment : �  
Legend : 
-0 resting projection cell 
..CO a:Sschmging projection call 
inhihited projection cell 
O resting inhibitory inter-
Mod e l  for t h e  D e v e lpoment _ o f Tha lami b Sp ind l e  Activity : 
Top f i gur e s hows r e l at i o n s h i p s  w i t h i n  a singl e population o f  
neur o n s  and b etween two populations . Bot t om f i�ure i l lustrat e s 
s e q u en c e o f  d e v e l opment o f  the rhythm i c  thalam ic s p ind l e  ac t iv­
ity . Both f igur e s  taken f r om And �r s e n  & A nder s s on (1 ) .  S e e  text 
for a d e s c r i p t i o n  of t h e  mod e l . 
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p o t ent i a l s  i n  t h e  c or t i c a l n e u r on s  w i t h  wh i c h  t h e y  make s ynapt i c  
( 1 , 2 )  
c on t ac t . The s u r f a c e -r e c or d e d  a l pha r h y t hm r e pr e s ent s 
t h i s  p a t t ern o f  s yn c hr o n i z ed p o s t - s ynap t i c  p o t e n t i a l s  i n  t h e  
unde r l y i ng c or t e x . 
The f a c t  t hat w i d e s p r e ad r e g i o n s  o f  c or t ex ar e u s ua l l y i n -
va l v e d  i n  a l p h a  s p i nd l e  a c t i v i t y  a t  t h e  s ame t ime wa s o r i g i n a l l y  
t ho ught t o  b e  the r e s u l t  o f  t ha l am i c  nu c l e i  whi c h  p r o j e c t ed 
t o  l a r g e  ar e a s  o f  t h e  c or t e x  ( a  non - s p e c i f i c  p r o j e c t i o n  s y s t em ) . 
I t  s e em s  more l i k e l y �  however , t hat t h i s  w i d e s pr ead c or t i c a l 
a l p h a  b e hav i o r  i s  t h e  r e s u l t  o f  i n t r a - t ha l am i c  s p r ead o f  
s p i nd l e  a c t i v i t y  wh� c h  i s  t he n  r e l ay ed t o  s p e c i f i c  r e g i o n s  
( 1 ) 
o f  c or t e x a l ong t h e  s p e c i f i c  p r o j e c t i o n  f i b er s . ' Fur the� 
�upport for a pur e l y  s p e c i f i c  t ha l amo -c or t i c al r e lay o f  t halami c 
s p i nd l e a c t iv i t y  t o  c or t ex i s  t h e  f ac t t ha t  c or t i c a l  a l pha 
s p i nd l e s  of d i f f er en t  fr e qu e nc i e s  may be r e c or d e d  from d i f -
f er e n t  c or t i c a l  ar e a s . Th i s  wou ld pr e sumab l y  r e f l e c t  t he 
d i f f er ent f�e q u e n c i e s  o f  r hy t hm i c  a c t iv i t y  wh i c h  d ev e l o p s i n  
t he s p e c i f i c  t ha l am i c  nu c l e i  w h i c h  p r o j e c t  t o  t h e s e  c or t i c al 
ar e a s . 
C .  Po s s ib l e S ign i f i c an c e o f  t h e  A l pha R h y t hm : 
A l t ho u g h  a g o o d  d e a l  o f  s p e c u l at i v e  mat e r i a l  may b e  found 
i n  t h e  l i t er a tu r e , t he func t i o n a l  s i gn i f i c an c e o f  t h e  a l p h a  
r h y t hm r ema i n s  u nknown . I t  h a s  b e e n  po i n t ed ou t t hat t h e  
t hal amu s i s  c ap a b l e  o f  r e c e i v i ng a b r i e f  a f f �r en t  v o l l e y  from 
l ower l ev e l s of the CNS and t r an s form i ng t h i s  br i e f  s i gnal 
int o a r hy t hm i c  v o l l ey of impu l s e s  (to c or t ex } '  wh i c h  l a s t s  
f o r  hundred s o f  m i l l i s e c o nd s and hav i ng a c harac t er i s t i c 
2 8 , 
fr e qu e n c y  o f  appr o x ima t e l y  1 0  Hz . It ha s a l s o  b e en d emon � 
s t r a t e d  that a s t imu l u s  ( at c or t ex ) who s e  fr equen c y  i s  
1 0 -2 0 / s e c , and who s e  dur at i o n  i s  gr e at er t h an 1 0 0 m s e c , i s  mo s t  
. '( 1) '  
e f f e c t i v e  i.n phy s �o l og i c a l  a c t ivat i on of c or �ex . This 
o b s ervat i on ha s led s om e  i nv e s t i gat o r s  t o propo s e  t hat t h e  
t ha l am i c  rhy t hm i c  m ec hani. sm may operat e - f or t he purpose  bf  
c o nv e r t ing a f fer ent info rmat ion from p er ipher al rec e p t o r s  i n t o  
t r a ins o f  imp u l s e s  wh i c h are op t imal for c ort i c a l pr o c e s -
(1 )  
s i ng . 
W i t h in t h i s  c on t e x t , t h e  a 1 pha rhy t hm w h i.c h i s  ob s erved 
d ur i ng p er i od s  o f  low l evel s of s en s o r y  inpftt t o  t ha l amu s 
wo u l d  s imp l y  r e p r e s e n t  t h e  s p o n t aneou s generat i o n  o f  r hy t hm i c  
t ha lam i c  a c t i v i t y  thr o u gh t h e  m e c h an i sm o f  r e c ur r e nt i n h ib -
i t o ry c ir c u i t s  d e s c r i b ed e ar l i er . Thi s d o e s  not imp l y  t hat 
t ti e  rhy t hmi c a c t iv i t y  s erv e s  any p ar t i c u l ar " fu n c t i on " but 
s ugge s t s , rat h e r , t ha t  it r epre s en t s  a s t a t e  o f  t h a l amic " r e s t " .  
I n  o t h er word s , wh en th er e i s  no a c t i v e  pro c e s s i n g  o f  s e n s ory 
informat i on ,  t h e  t h a l am i c  nu c l e i. ar e fr e e -runn ing , and t h i s  
s p o 0t a n e o u s  p a t t e r n  o f  a c t iv i t y i s  man i f e s t  a s  a l pha s p i nd l e� 
in c or t e x . I t  h a s  a l s o b e e n  pro p o s ed t hat t h e  alpha rhy t hm 
may r e fl e c t  the a c t i v i t y  o f a c e nt ra l " s c ann i ng " m e c ha n i s m  
wh i c h  w o u l d  o p erat e a s  a me t h od f o r  t he f o c u s  ( or gat ing ) o f  
( 2 )  
at t en t i on t o  a part i c ul ar s en s or y mod al i t y . A l t h ough i t  
i s  no t c l ear how t h i s gat ing o p e r a t i o n  m i g h t  b e  p erfo rmed , 
t he r e  i s  a s tr on� · c orr e l at i o n  b e tw e en t he l ev e l  o f  at t ent i o n  
t o  a s t i mu l u s  and t he l ev e l  o f  a lp h a  a c t iv i t y  b e ing produc ed . 
Ther e fore , i t  i s  l i ke l y  t hat t he a l p ha ·me chanisms ar e phy s ic -
l o g i c a l l y  r e l a t ed t o  c e n t r a l  at t ent i on a l  me c hani sms , a l t hou gh 
t h e y  may n o t  b e  func t i o na l l y r e l a t ed . 
I t  s e ems r e a s onab l e  t o  a s sume t hat t he r e  may b e  s ome advan­
t age in mai nt a i n i ng a h i gh l y  organi z e d  pat t er n  o f  a c t i v i t y  
amo ng t h e  n e u r o n s  o f  t he pr imary c or t i c a l  s en s or y  ar e a s . O n e  
. c ou ld s p e c u l a t e  ( and I emp ha s i z e  t h e  t e rm , s p e c u l at e ) t hat 
c or t i c a l n e ur o n s  wh i c h  a r e  ma i n t a i n e d  i n  a p at t ern o f  r h y t hm i c  
d ep o l ar i z at i on ar e
' 
o p t ima l l y  " t u n ed 11· f o r  t h e  r e c ep t i on and 
int e gr at i o n  of' an a f f e r e n t  v o l l e y . F u t ur e  i nv e s t ir;at i o n s  will 
b e  r e q u i r ed i n  ord e r  to d e t ermine whe t her t h e  a l pha r�yt hm 
h a s  s ome fun c t i o nal s i gn i f i c an c e  or whe t her i t  i s , i nd e ed , 
s imp ly a phy s io l o g i c al art i fac t o f  s p o n t aneo u s  t ha l ami c 
a c t i v i t y . 
A . P hy s i o lo g i c.a l  Mod e l  f o r  A t t e n t i onal Ef f e c t s  o n  t h e  A lpha 
Rhyt hn and t h�-�EC P : 
The pr e c e e d i ng d i s c u s s i o n  h a s  d e a l t  pr imar i l y  w i t h  e v i ­
d e n c e  i n  s u p p o r t  o f  t heor i e s  wh ic h a t t empt t o  d e f i n e  t h e  
phy s io l o g i c al b a s is o f  t h e  a l p ha r h y t hm and t h e  VEC P . U s i ng 
t h i s  i n forma t i o n  a s  a t he or e t i c a l pre c ed ent , a me c hani s m  f o r  
t he o p e r at i on o f  at t en t i onal v ar i ab l e s  w i t h i n  t h e  s c h eme o f  
s e n sory informat i o n  p r o c e s s i ng w i l l  now b e  c o n s id e r e d . 
A t t e nt i o n  i s  a p s y c h o l o gi c al var i ab l e  a nd i s  a s sumed t o 
b e . i n t e r na l l y  g e n e r at ed .  A s  w i t h  o t h e r  p s y c h o l o g i c a l  var i ab l e s , 
t h e r e  e x i s t s  t h e  o b v i o u s  p ro b l em o f  d ev e l o p ing a pr e c i s e  a nd 
c o ri s i s t e nt d e f i n i t i o ri ;  a lt hough e a c h  o f  u s may r e lat e t o  our 
own s u b j e c t i v e  s t at e s  of " a t t e n t i on " and " inat t e n t i o n " .  The 
1 9 t h  c e nt ur y  p s y c ho l o g i s t , W i l l i am J ame s , d e f ine d at t ent i on 
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as f o l l ows : n E v e r y o n e  knows what at t en t i on i s . I t  i s  t h e  t ak i n g  
p o s s e s s io n  b y  t h e  m i nd , i n  c l e ar a nd v i v i d  form , o f  o n e  o u t  
o f  w h a t  s e e m  s ev e r a l  s imu l t an e ou s l y p o s s ib l e  o b j e c t s  or t r a i n s  
o f  t ho ught . .  F o c a l i zat i o n , c o n c e n t ra t i o n  o f  c o n s c i ou s ne s s  a r e  
i t s  e s s en c e . I t  imp l i e s  w i thdrawl fr om s ome t h ing s i n  o r d e r  
t o  d e a l  e f f e c t i v e l y · w i t h  o t her s , and i s  a c ond ition wh i c h  i �  
a r e a l  oppo s i t e  t o  t h e  c o n fu s ed , d a z e d , s c at t er b r a i n ed s t a t e  
( 9 ) 
wh i c h  i n  Frenc h i s  c a l l ed " d i s t r ac t i on " . " 
A f ur t h e r  prob l em i n  d e a l i n g  w i t h  p s y c h o l o g i c a l  var i ab l e s  
i n  s c i en t i f i c i nv e s t i gat i o n  i s  t h a t  t h e s e  v ar i ab l e s  mu s t  b e  
m e a s ured with i n d ir e c t  mean s . For t h i s  r e a s o n , attent i o n  is 
u s u a l l y  o p e r at i o na l l y d e f i ned w i t h i n  t h e  c o n t e x t  o f  t h e  e x -
p e r ime n t a l  p r o c e ed u r e  o r  e l s e  i t  i s  a s s umed t o  b e  r e f l e c t ed 
i n  s ome o t her var i a b l e  wh i c h  c an b e  quant i t at i v e l y  d e t ermi n e d . 
An e x amp l e  o f  a n  o p e r a t i onal d e t ermi n a t i o n  o f  a t t e n t i onal 
s t a t e  would be t h o s e  i nv e s t i ga t i o n s  w h i c h  at t e mp t  to c on t r o l  
a t t ent i o n  by p r o v i d i ng t h e  s ub j e c t  w i t h  d i f f er e nt i n s t ru c t -
i o n a l  11 s et s " . The s e  pr o c e e d ur e s  d emand t h a t  t h e  s u b j e c t  make 
s ome s p e c i f i c  r e s p o n s e  w h i c h  - i s  b a s ed upon an a c c ur a t e d e -
s c r im i n a t i on o f  t h e  s t i mu lu s . I t  i s  a s s umed t h a t  t h i s  d e s c r im -
i n a t i o n -r e s p o n s e  d emand w i l l  ma i n t a i n  a t t e n t i o n  t o  t he v i s u a l  
s t imu l u s  a t  s ome h i gher l ev e l t ha n  i f  t h e  s u b j e c t  wer e mer e ly 
i n s t r uc t ed to 11 v;at c h  t h e  s c r e en " . I t  i s  f u r t h e r  a s s umed t h a t  
t h e  a c c ur a c y  o f  t h e  s u b j e c t ' s  r e sp o n s e s  w i l l  r e f l e c t  t he l e v e l  
o f  a t t e n t i o n  t o  t h e  · S t imu lus d e s c r iminat i o n  t a sk . A n  €Xampl e 
o f  a n  i nd ir e c t  mea s ur e  o f  a t t ent i on would b e  the us e of t he 
a lpha r hyt hm , s in c e i t  i s  a n  a l mo s t  u n i ver s a l l y  ac-0 e p t e d  
3 1 .. 
o b s erva t i o n  t hat t he amp l i t u d e  o f  t h e  c ort i c al al pha a c t iv-
i t y  is inve r s ely c orre l at ed to t he l evel of at t ent ion . 
A .  At t e nt i on a l  E f f e c t s  o n  t h e  VEC P : 
Nume r o u s  i nve s t i g a t o r s  have s ug g e s t ed t hat t he amp l i t ud e  
of t h e  VEC P ( and a l s o  t he ampl i t ud e  o f  o ther mod a l i t i e s  o f  
s e n sory - ev o k e d  c or t i c al pot entia l s )  i s  po s i t iv e ly c or r e l a t ed 
w i t h  t he l e v e l  o f  at t en t i o n  t o  t he s t imu l u s  u s ed t o  evoke t h e  
( 2 , 3 , 2 3 , 2 4 , 2 5 , 2 6 , 2 7 , 2 8 , 3 1 )  
c or t ic al re spon� e . I n  ot her word s ,  
t h e  amp l i t ud e  o f  the VEC P  would be ex p e c t ed t o  b e  gr eat er with 
gr e a t er at t e nt io n  t o  t h e  s t imulus and s ma l l er w i t h  lower l e v e l s 
o f  a t t e n t i o n  t o  t h e  s t imu lu s . Imp l i c i t  i n  t h i s  s u gg e s t ion i s  
t h e  p o s s i b i l i t y  t hat t h e s e  d i f f er ent l ev e l s  o f  c ort i c a l  r e -
s p o n s e r e f l e c t  t he op e r a t i on o f  s ome i n t e r n a l  mec hans im wh i c h  
i s  fun c t i on a l ly r e l at ed t o  t h e  s u b j e c t ' s  a t t ent io nal s t at u s . 
Th i s  a t t ent ional mec han i s m  would p r o v i d e a mean s  for t he 
s e l e c t iv e  fac i l i t at ion of s en s ory s i gnal s wh i c h  ar e o f  tt i n -
t er e s t " t o  t h e  s ub j e c t , wh i l e  at t he s ame t ime exer t i ng an 
i nhibit ory or b l o c k i ng e ff e c t  upon s e n s ory s i gna l s  whi c h  are 
not o f  i nt er e s t . Th� -rac i l i tat ed s en s or y  i np u t  wou l d  r e s u l t  
i n  t he ac t i v a t i o n  o f  c or t i c a l  p ro c e s s e s  �espons ible for t he 
con s c i o u s  p e r c e p t i on o f  t he stimu lus. I n at t ent i on t o  a f f er e nt 
s e n s or y  input , h o wever , would presumably r e s u l t  i n  an inh i b -
i tion or b l o c king o f  t h i s i np u t  at s ome lower l e v e l  o f  t he 
CNS and w o u l d  p r e v e n t  t h e  l ev e l  o f  c or t i c a l  pro c e s s i ng w h i c h  
l s  n e c e s sary f o r  a c on s ciou s  p er c e p t i o n  o f  t ha t  s t imu l u s  t o  
be formed . I t , t h e r e f or e , s e ems rea s onable t o  a s sume t hat t h e  
o b s er v e d  a t t e n t i o n a l  e f f e c t s  o n  the c harac t er o f  t h e  VEC P might 
' i 
r e f l e c t  the d i f f erent l ev e l s  o f  prb c e s s ing whi c h · the s e n s or y  
s 1 gna l s  at t a1 n . 
B .  At t e n t ion a l  E f f e c t s  on t he A lpha Rhy t hm : 
A s  ment ioned e ar l i er in this p aper , i t  � s  an almo s t  uni-
ver s a l ly a c c ep t ed ob s er va t i on t ha t  t he amp l itude of t h e  c or ­
tic a l a l p h a  r hy t hm i s  inv er s e ly r e l at ed t o  the subj e c t ' s  l eve l 
( 3 , 9 , 2 � , 3 0 , 3 1 , 3 3 ., 3 4 ) 
o f  a t t e n t i o n . Th i s  means t hat one would 
exp e c t  to find a high leve l of .'· att ent ioir ass o c lat ed wit h  a 
l ow l e v e l  o f  c o rt ic a l alpha ac t i v ity and a l ow level o f  a t -
t ent i o n  a s s o c iat ed w i t h  a h i gher l ev e l  o f  c or t i c a l alpha a c �  
tivity . W i t h i n  t h i s c ont e xt , at t ent i o n  may b e  d i r e c t ed e it her 
to an e x t e r na l ly appl i ed s t imu lu s or to s ome int�rnal c og -
n i t i ve t a s k .  I t  might a l s o  b e  a s s umed t hat t h i s  a t t ent i onal 
e ffe c t  o n  the l evel o f  c o r t i c a l a lpha a c t i v i t y  i s  r e pr e s en-
t at ive o f  the s ame general i n t ernal at t e n t i on a l  me c h an i sm 
whi c h  i s  r e sponsible for the o b s e rv ed a t t e nt i on a l  e f f e c t s on 
t he VECP . 
C .  Phy s i o l o g i c a l  Mod e l  for an I nternal A t t entiona l  Mec hani sm : 
'I'h.e t hal arnu s ,  wi t h  i t s  a s s o c  .i ;:i,  t i  on t o t h e  r eti c u l ar act i -
va t i ng s y s t em ,  h a s  l o ng be en imp l i c at ed a s  a funct ional r e g i o n  
( 2 8 , 3 1 
for t h e  r e gu l a t i o n  o f  c or t i c al ac tiva t i o n o r  arou s al .  
3 3 , 3 4 )  
Almo s t  every affer e nt s i gnal t erm inat e s in the thal a -
mu s b e fo r e  b e i ng pro j e c t ed t o  cor t e x . In l i ght o f  thi s  fac t , 
the  t halamu s i s  id eal l y  s i t u a t ed for t h e  o p erat i o n  of a gen­
e r a l i z ed mec han i sm whi c h  could s e l e c t iv e l y  fac i l itate the 
pro c e s s i ng of tho s e  sensory signals whic h  ar e o f  i n t er e s t  and 
inh ibit or b l o c k  the pr o c e s s ing of tho s e  s e n s or y  s ignal s whic h 
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a r e  no t o f  i n t e r e s t . A t ha l ami c " gat ing " o r  attentional m e c h-
a n i s m  c ou ld p r e s u�ab l y  o p e r a t e o n  t h e  s en s or y  s i gnal s e i t her 
at t he l ev e l  o f  t h e t ha l am i c  s e n s o r y  nu c l e i  or a t  t h e  l ev e l  
o f  s e n s o ry c o r t e x . Th i s  c or t i c a l  l e v e l o f  i n f l u e n c e  w o u l d  
mo s t  l i k e ly d e p e nd u p o n  t h e  a c t i v i t y  o f  t h e  no n - s p e c i f i c t ha l amo -
c or t i c al p r o j e c t i o n  s y st em wh i c h  i s  i n d e p e n d e n t  o f , a nd p ar a l -. . ( 3 3 , 3 4 , 3 5 ) 
l e l  to , t he s p e c i f i c  sensory t h a l amo - c or t i c al p r o j ec t i on s . 
Bo t h  o f  t h e s e  t h a l am i c  proj e c t io n  s y s t em s  hav e b e e n  lde � · 
s c r i b ed e ar l i er i n  t h e p ap e r . 
An at t e nt i o n a l  me c ha n i s m  wh i c h  o p e r a t e s  b y  a t t enuat ing 
s e n s ory t ran s m i s s i o n  o f  unat t end ed a f f e r e n t  s i gnals t hr o u gh 
t h e  s p e c i f i c  t ha l am i c  nuc l e i  wou l d  b e  ex p e c t ed t o  r e s u l t  i n  
a d e c re a s ed amp l i t ud e o f  a l l  e ar l y  ( and p r o b a b l y  a l s o  t h e  
l a t e r ) c omp o n e n t s o f  t he VEC P wh i c h  w a s  e v o ked by t he unat-
t e n d e d  s t imu lu s . A t t e n t i o n a l  e f f e c t s  w h i c h  r e s u l t  from i nh i b -
i t i o n  o r  a t t enuat i o n  o f  c o r t i c a l  p ro c e s s in g  o f  t h e  unat � 
t end ed s en s o r y  i n p u t  from s p e c i f i c  s e n s o ry t h a l am i c  n u c l e i  
wou l d  b e  e x p e c t ed t o  s how a n  at t e nuat i o n  ( r e d u c ed amp l i t ud e ) 
o f  t hose c omp on e n t s of the VECP wh i c h  r e f l e c t  t h e  l ev e l  o f  
c ort i c a l  p r o c e s s i ng wh i c h  i s  b e i ng o p e r a t ed u p o n  ( inh i b i t ed ) 
b y  t he at t e n t i on a l  me c h an i sm . A s  men t i on e d  e ar l i e r , t h i s  
c or t i c al a t t e nt i o n a l  e f f e c t  w o u l d  p r o b ab l y  b e  d ep end e n t  u p o n  
a c t i v i t y  i n  t h e  non- s p e c i f i c  t ha l amo - c ort i c a l  p r o j e c t io n s . 
The ava i l ab l e  d a t a  suggest that inhi b i t i on ( b l o c king ) of the 
u n a t t e nd ed s t i mu lu s  p r o b a b l y  o c c ur s  b o t h  at t he l ev e l  of t he 
t h a l amu s and a t  t h e  l ev e l o f  s en s o r y  c or t e x ; and t h a t  t h e  
i n h i b i t i o n  o f  t h e  s p e c i f i c  s en s o ry t h a l am i c  nuc l e i, � s  w e l l  a s  
3 4 . 
t h e i n h i b i t i o n a t  t h e  l e v e l  o f  s e n s or y  c or t e x , are t h e  result 
of i nh i b i t o r y  c o ri c t e c t i o n s  of the non-sp e c i f 1c t ha lamic ; 
( 2 8 , 3 1 , 3 5 , 3 6 , 3 7 , 3 8 ) 
nu c l e i . 
I f  i t  i s  � s s umed t h at t h e  op e r a t i o n  o f  t h e  at t e nt i on a l  
me c han i sm i s  d ir e c t e d b y  s ome c or t i c a l p r o c e s s ,  t h en o n e  i s  
c o n fr o n t e d  w i t h  t h e  p r o b l em o f  d e t e rm i n i n g  how t h i s  c or t i c a l  
d ir ec t i o n  i s  e f f e c t ed a t  t h e  l e v e l  o f  t h e  t h a l amu s . I t  s e em s  
l i ke l y  t h at t h i s o c cur s a s  a r e s u l t  o f  i nh i b i t o r y  i np u t s t o  
( 3 1 � 3 5 , 3 8 )  
t h e non- s p e c i f i c  t h a l ami c nu c l e i  f r om o r b i t a l c o r t e x . 
Orb i t a l  c or t ex i s  l o c a t ed o n  t h e  i n f er i or a s p e c t  o f  t h e  
f r o n t a l  l o b e s  and i s  f u n c t i o na l l y l o c a t ed w i t h i n · t h e  l i mb i c  
s y s t em .  T h i s  i s  p ar t i c u lar l y  i n t er e s t i n g  s i n c e  i t  i s  known 
t ha t  t he l imb i c  s y s t em i s  i n t imat e l y  i nv o l v e d  in emo t i o n a l  
( 3 9 )  
and o t h e r  c omp l e x  p s y c h o l o g i c a l b e hav i o r s . 
The i n p u t  t o  t h e  n o n - s p e c i f i c  t ha l am i c  nuc l e i  f r om o r b i t a l 
c o r t e x  arr i v e s  v i a  t h e  d e s c e nd i n g  med i a l  f o r e b r a i n  b u nd l e  
and e n t e r s  t h e  t h a l amu s a t  t h e  i n f er i or t h a l am i c  p e d un c l e . 
I n t erru p t i o n  o f  t h i s p a t hway b y  m e a n s  o f  d e s t r u c t i v e  l e s i on 
o r  r e v e r s i b l e  c r y o g en i c  b l o c kad e r e s u l t s i n  t w o  d i s t i nc t 
e f f e c t s : ( i ) an i n c r e a s e  i n  amp l i t ud e  o f  a l l  c omp one n t s  o f  
t h e  t r an s i e n t  VE C P  and ( i i )  a r e d u c t i o n  o f  s p o n t an e o u s cor ­
( 3 1 , 3 5 , 3 8 ) 
t i c a l  s p i nd l e  ac t iv i t y . It s h o u l d  a l s o  b e  p o i n t ed 
o u t  t ha t  t h e n o n - s p e c i f i c  t ha l am i c  nu c l e i  have p r o j e c t i o n s  
t o  o r b i t a l  c o r t e x  and t h at t h i s  i mp l i e s  t h e  e x i s t e nc e o f  a 
f un c t :i. on a l  " l o o p " b e t ·we e n  t h e s e  t wo ar e a s . 
I t  was s u g g e s t ed e ar l i er t h a t  t h e  a t t e n t i o n a l  me c h an i s m 
o p e r a t e s  b y  m e a n s  o f  a t o n i c  l e v e l  o f  i nh i b i t or y  a c t i v i t y  
3 5 . 
wh i c h  i s  i mp o s ed up o n  t he s p e c i f i c  s e n s or y  t h a l am i c  nuc l e i  
and s en s or y  c o r t t l b y  t h e  n o n - s p e c i f i c  t ha l ami c nu c l e i . Tho s e  
s e n s ory s igna l s  whi c h  ar e o f  i n t e r e s t  ( i . e . t ho s e  s e n s ory 
s i gna l s  wh i c h  ar e a t t e nd ed ) w i l l  be t r an sm i t t ed t hroqgh t h e  
s p e c i f i c  s en s or y  t h a l am i c  nu c l e i  and pr o c 0 s s ed i n  s e n s or y  
c or t e x d u e  t o  a d e c r e a s i  i n  the i nh i b i t o r y  e f f� c t  up o n  t hat 
p ar t i c u lar s en s ory ' 1' c hanhe l 11 • Th e d e c r e a s e  in i nh ib i t i o n  
o f  t h a t  s e n s o r y  c h a nn e l  i s , i n  t ur n , t h e  r e s u l t  o f  i n h ib i ­
t or v  i np u t  t o  t h e  non- s p e c i f i c  t ha l am i c  nuc l e i  f r o ili orb i t a l  
c or t e x . I n  other word s , ac t i v i t y  i n  orb i t a l  c or t e x  prod u c e s  
a n  i nh i b i t i o n  o f  n o n - s p e c·i f i c  t ha l am i c  nuc l e i ; and t h i s r e -
s u l t s i n  d e c r e a s ed i n h ib i t io n  (fad iliiatibnj 6f t he sp e c i f -
i c  s e n s o r y  nuc l e i  and s e n s ory c or t i c a l  ar e a s  wh i c h are i n ­
v o l v e d  i n  p r o c e s s i n g  t he s i g n a l  o f  i n t e r e s t . F i gu r e  # 8  i l l u s ­
t ra t e s  t he f u n c t i o na l  r e l at i o n s h i p s  i nv o l v e d  i n  t h i s  t he o ­
r � t ic a l  mod e l  o f  a n  at t e n t i o n a l  me c h an i sm .  
I n  t h i s  manner , t h e  a t t e nt i o n a l  me c han i sm c an s e l e c t  
wh i c h  s e n s ory s i gna l s  w i l l  b e  � 'pr o c e s s ed "  b y : · c or t e x  and : whi c h  
s e n s o r y  s i gha l s w i l l  n o t  b e  p r o c e 2 s ed . Wh e n  o n e  c on s i d e r s  
t he l arge n umb e r s  o f  s en so r y  s i g n a l s w h i c h  ar e c on s t ant ly 
b e ing d e l iv e r e d  to t h a l amu s from t h e  p e r i p h e r a l  r e c e p t or s , 
and t he re l a t i v e i n ab i l i t y  o f  t h e  c or t ex t o  d e a l  e f f e c t i v e l y  
w i t h  t hi s  e n t i r e  b a r r a g e  o f  i nf o rma t i on , t h en t h e  valu e o f  
s u c h  a s e l e c t iv e  me c han i sm i s  o b v i ou s . 
3 6 .  
F igure # 8  
l imbi c  
THALAMIC 
SENSORY HETICULAR 
AFFERENTS ACTIVATING 
S Y STEM 
Fu n c t i o n a l  Conne c t i o n s  Among t he Comp onen t s  of a M od e l  f o r  a 
Th e o r e t i c a l  -At t en t i on a l  Me c ha n i sm : 
Ex c i t at or y  ( + )  and i nh i b i t o r y  ( - )  c onn e c t i o n s  are ' S hown . Only 
t ho s e  p a t hway s wh i c h  ar e r e l e vant t o  t h e  mod e l  ar e i l l u s tr a t ed . 
S e e  t e x t  f or a d e s c r ip t i o n  
3 7 ,  
C o n c l u s i o n : 
Thi s  p ap e r  h a s  p r op o s ed a p hy s i o l o g i c a l  mod e l  for t h e  
g e ne r a t i o n  o f  two t y p e s  o f  s ur fa c e -r e c o rd e d  c or t i c a l  p o - · 
t e nt i a l s  and h a s  s ugge s t ed t h e ir p o s s ib l e  s i g n i f i c an c e  w i t h 
r e s p e c t  t o  s ev e r a l  var i ab l e s  o f  human b ehav i or . The s e  mod e l s ,  
however � a r e  far from comp l e t e . In sp i t e o f  t h i s , i t  c an b e  
a s s umed t h a t  a mor e c omp l e t e  mod e l  i s  imp end ing and tha t a 
b e t t er u nd er s t and i n g  o f  t h e  phy s i o l o g i c a l  b a s i s  f o r  the s e  
c ort i c a l  p o t ent i a l s  wi l l  u l t imat e l y l e ad t o  a mor e  c om-
p r e he n s i v e  und e r s t and ing of t h e  " na t u r e  o f  p erc ept i on " . 
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